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This study investigates rice husk biochar for catalytic cracking of toluene - a tar model compound - in a fixed-bed reactor. The rice husk biochar was physically activated to about 25% conversion in either an H₂O or CO₂ atmosphere. The activated biochars were then employed as catalysts for toluene decomposition at 850 °C in a laboratory-scale fixed-bed reactor.
Catalytic performance evaluation of the raw rice husk biochar indicates poor activity in toluene cracking due to its low surface area and porosity. With physical activation, BET surface area increases significantly from 17 m2/g to 440 m2/g under CO2 and 426 m2/g under H2O. These morphological changes lead to better catalytic activity, particularly for the steam-activated char. It achieved about 71% toluene conversion and a longer activity span of about 20 min than the CO2-activated char, before total deactivation. This improved performance is attributed to the presence of surface mesoporosity, which slows deactivation. Silicon oxide constituted approximately 94 % of the inorganic content, which rendered the active metal species less effective in the process. 
Introduction 
Biomass valorization into bioenergy, such as syngas, has shown great potential. However, tar formation and impurity of the syngas remain major obstacles. Thermal cracking of the tar and use of naturally minerals as a catalyst for syngas purification have often proven inefficient and economically unviable (Huchon et al., 2024). 
Biochar produced through thermochemical processes such as pyrolysis/gasification of lignocellulosic biomass, possesses properties that make it a potential heterogeneous catalyst. These include ultra-/super-microporosity and mesoporosity, the presence of transition metals and Alkaline and Alkaline earths metals (AAEM), as well as oxygenated surface functionalities (Frainetti and Klinghoffer, 2023; Klinghoffer et al., 2015). While porosity enhances gas diffusion to active sites, metals act as active sites, promoters, or supports (Claude et al., 2016). Surface functionalities are rarely considered due to their instability at high thermal treatment temperatures (Wood et al., 2024). 
Previous studies indicated that woody biomass develops greater surface area during biochar production than agricultural waste, whereas the latter often possesses a higher inherent inorganic mineral content (Tomczyk et al., 2020). To further understand the influence of the surface porosities and presence of minerals in tar cracking, this study tends to compare the effectiveness of rice husk char and beech wood char for toluene cracking.
Experimental 
2.1 Production, Activation, and characterization of Rice husk biochar (RHC)
Rice husk biomass (RHB) sample was initially sourced from Bama region of western part of Burkina Faso. The RHB sample was utilized in its original condition, without any pretreatment before biochar production, using a pilot-scale pyrolysis reactor at 900 °C under nitrogen atmosphere at 5 Nl/min and heating rate of 5 °C/min, followed by a holding time of 1 h. This high-thermal treatment aimed to produce stable char with less or negligible release of moisture content. Table 1 shows the results of physicochemical properties of the samples. 
The produced biochar was subjected to a physical activation in a fixed-bed reactor using either 20 vol% CO2 (in N₂) at 900 °C or 20 vol% H2O at 800 °C. The differences in operating temperature between the H2O and CO2 experiments were due to the slow kinetic rate of the CO2 activation process (Arayedh et al., 2025a). Experiments were performed to reach a target carbon conversion of 25 %; CO₂ or H₂O injection was then stopped, and the flow was switched to 100 % N₂ to quench the reaction and cool the activated char to ambient temperature prior to collection. The carbon conversion (X) was calculated using the formula in equation 1. The product compositions were measured with micro gas chromatography (µ-GC).
  			(1)
where nc(t) is the cumulative number of moles of carbon content gases at a certain time (CO, CO2, CH4, C2H2, C2H4, C2H6) (mol), Mc is the molecular mass of carbon (g/mol), mo and mash denote the initial mass of biochar and ash content (g), respectively.
The raw biomass, produced biochar, and activated biochars were characterized for surface porosity (N2 and CO2 sorption isotherms) and for morphology using a scanning electron microscope (SEM). To further investigate the mineral composition and surface dispersion, scanning electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDX) and inductively coupled plasma emission spectroscopy (ICP-OES) were also conducted.
Table 1: Physicochemical properties of the biomass and biochar. 
	
	Rice husk biomass
	Rice husk biochar
	

	Proximate Analysis wt.% (db)
	
	
	

	Volatile matter 
	66.91 ± 0.15
	1.99 ± 0.04
	

	Fixed carbon
	16.23 ± 0.37
	56.07 ± 0.52
	

	Ash 
	16.86 ± 0.02
	41.93 ± 0.56
	

	Ultimate Analysis wt.% (db)
	
	
	

	Carbon
	41.47 ± 0.01
	54.37 ± 0.13
	

	Hydrogen
	4.69 ± 0.06
	1.33 ± 0.05
	

	Nitrogen
	0.33 ± 0.03
	0.4 ± 0.07
	

	Oxygena
	36.65 ± 0.08 
	1.9 ± 0.01
	


a by difference
2.2 Experimental setup 
The toluene cracking experimental setup is depicted in Figure 1. The whole setup comprises a fixed-bed reactor, two cooling systems, electric heating resistances, a micro gas chromatography (µ-GC), a nitrogen flow meter, and a manometer. The fixed-bed reactor coupled with an electric furnace and consisted of two quartz glass reactors with internal diameters of 16 mm and 26 mm. The smaller quartz glass has a sintering disk with a thickness of 1 mm positioned as a catalyst bed. Both reactors are fixed onto a two-flange disk that differentiates the inlet and outlet flow of the gases, where the smaller quartz glass is inserted into the larger one. A temperature-controlled double enveloped cooling system comprises a glass bubbler-tube, thermocouple, and cooling agent (fluid) used for cooling down and maintaining the toluene liquid to -15 °C. A cooling bath comprising two glass bubblers filled with 100 mL of isopropanol, cooled to −20 °C, was used to trap condensable products at the reactor outlet. The permanent (non-condensable) gases passed through a µ-GC (Varian CP - 4900) for gas analysis. The condensable liquid products were analyzed using an Agilent GC/MS system.
Rice husk biochar, used as a catalyst, was initially placed in the inner quartz reactor, with a catalyst bed height of 13 mm, before assembling the system. The reactor was then purged with pure N₂ at a flow rate of 13.8 NL/ min while being heated at 20 °C/min up to a target temperature of 850 °C. Once a stable temperature of -15 °C was reached in the toluene cooling system, and the upstream and downstream heating lines were at 250 °C, nitrogen flow was passed through the toluene flask and then diverted directly to µ-GC to measure the toluene and verify its stability. The toluene concentration mostly stabilizes within the range of 4500-4800 ppm, depending on the room temperature, and it takes not fewer than 1 hour to achieve absolute stability with less average of 15 ppmv standard deviation. Afterward, the stable nitrogen and toluene flow was channeled back to the reactor through the catalyst bed with a contact time of 0.13 s. Condensable gases were collected in the cooling trap, as non-condensable gases were directed to and measured online with the µGC analyzer. During the experiments, coke deposited on the surface of the catalyst, which was collected and measured after stopping the toluene injection and cooling the system to an ambient condition with nitrogen flow. The toluene conversion (XT) was calculated using the formula in equation 2.
  			(2)
where, wT,in is the amount of toluene molecule injected into the reactor (ppm, mol, g), and wT,out is the amount of toluene molecules collected out of the reactor (ppm, mol, g).
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Figure 1: Schematic representation of toluene cracking experiment setup (Arayedh et al., 2025b).
Results and discussion
Biochars derived from rice husk (RHC) and beech-wood (BWC) were produced and characterized. These materials were subsequently physically activated to a carbon conversion of 25% using either H₂O (X25%-H₂O-RHC and X25%-H₂O-BWC) or CO₂ (X25%-CO₂-RHC and X25%-CO₂-BWC). The resulting activated chars, together with the raw rice husk biochar (Raw-RHC) and quartz glass beads (thermal cracking), were then used for toluene cracking, enabling a comparison between thermal and catalytic cracking effects, as discussed in sections 3.2.
3.1 Characterization of biochar and activated biochars
To examine the effect of physical activation on the textural properties of the produced biochar and activated biochars, N₂ sorption isotherms were evaluated, and the results are presented in Figure 1 and Table 2. 

 
Figure 1: N2 adsorption-desorption isotherms of the raw biochar and activated samples.
The results indicate a significant increase in the specific surface area of the raw rice husk biochar, from 17 m2/g to 440 m2/g for CO2-activated char and 426 m2/g for H2O-activated char. Despite their similar specific surface area development, the steam-activated char developed greater mesoporosity due to its ability to widen existing pores, which resulting in a larger mesopore volume for both samples (Alvarez et al., 2014).Rice husk–activated biochars developed a lower specific surface area than activated beech-wood biochars, due to their higher ash content, especially the presence of Si in the RHC compared to BWC. This results in pore blockage and a dilution of surface area when expressed per gram of material (Tomczyk et al., 2020).
Table 2: N2 sorption isotherms analysis results. 
	Biochar samples
	Raw-RHC
	X25%-CO2-RHC
	X25%-H2O-RHC 
	X25%-CO2-BWC*
	X25%-H2O-BWC*
	
	

	BET Surface area (m2/g)
	17
	440
	426
	582
	600
	
	

	Micropore surface area (m2/g)
	15
	317
	316
	540
	452
	
	

	Mesopore surface area (m2/g)
	-
	30
	84
	-
	-
	
	

	Total pore volume (cm3/g)
	-
	0.2007
	0.2316
	0.3294
	0.3891
	
	

	Micropore volume (cm3/g)
	0.0054
	0.1422
	0.1258
	0.2423
	0.2054
	
	

	Mesopore volume (cm3/g)
	-
	0.0293
	0.0792
	0.0460
	0.1358
	
	


Results marked with an asterisk (*) were reported from Arayedh et al., (2025a)

Table 3 showed the results of ICP-OES analysis for the RH biomass and biochars produced and how the transformation from raw biomass to physical activation affects the inorganic metals composition. For all the rice husk-derived biochar, silica was the major inorganic element present with about 94% of silicon oxide, and minor content of other compounds such as AAEMs and transition metals. The activated biochars have nearly the same composition of inorganic metals retained, except for K, Ca, Fe, and Si.
Table 3: The elemental compositions of the samples (wt.% dry basis). 
	Samples 
	RH Biomass
	RH Biochar
	X25%-CO2-RHC
	X25%-H2O-RHC
	
	

	Na
	<LD 
	<LD
	<LD
	<LD
	
	

	Mg
	0.04 ± 0.01
	0.09 ± 0.01
	0.11 ± 0.01
	0.12 ± 0.01
	
	

	Al
	0.07 ± 0.01
	0.12 ± 0.01
	0.15 ± 0.01
	0.16 ± 0.01
	
	

	K
	0.26 ± 0.01
	0.70 ± 0.02
	0.87 ± 0.02
	0.94 ± 0.01
	
	

	Ca
	0.13 ± 0.01
	0.29 ± 0.01
	0.34 ± 0.01
	0.38 ± 0.02
	
	

	Ti
	0.01 ± 0.01
	0.02 ± 0.01
	0.02 ± 0.01
	0.02 ± 0.01
	
	

	Mn
	0.01 ± 0.01
	0.03 ± 0.01
	0.04 ± 0.01
	0.04 ± 0.01
	
	

	P
	0.04 ± 0.01
	0.08 ± 0.01
	0.10 ± 0.01
	0.11 ± 0.01
	
	

	Si
	7.22 ± 0.50
	18.29 ± 0.34
	23.16 ± 0.10
	24.47 ± 0.16
	
	

	Fe
	0.03 ± 0.01
	0.04 ± 0.01
	0.15 ± 0.01
	0.10 ± 0.01
	
	



3.2 Catalytic cracking of toluene over a biochar-based catalyst 
Prior to the catalytic cracking test, a blank experiment was conducted with 2 mm diameter of quartz beads glass to determine the extent of thermal efficiency of the bed at 850°C. The experimental results showed an average toluene conversion of 28.5 ± 2.7 %. A similar finding of 28 % toluene conversion was reported under the same operating conditions (Arayedh et al., 2025b). The corresponding thermal and catalytic cracking results are presented in Figure 2. The Raw-RHC showed a limited effect, with a toluene conversion of 29.8 ± 1.1 %, nearly the same value obtained for quartz beads, which represent the thermal cracking effect. The poor performance of Raw-RHC may be attributed to its limited catalytic properties. The physical activation using steam and CO2 has been reported to transform the catalytic activity of biochar by improving toluene cracking conversion (Frainetti and Klinghoffer, 2023). The 25% steam and CO2-activated RHC catalysts showed improved performance in toluene cracking, with similar conversion after 3 min test, 71.5 ± 2.6 % and 68.9 ± 3.0 % respectively. This was followed by a drastic deactivation slope, which was greater for the CO2-activated char compared with the steam-activated char. The rice husk-derived catalysts were then compared with beech-wood derived catalyst produced under the same operating conditions and employed for cracking under similar conditions. However, the beech-wood-derived catalyst exhibited better performance with 95.4 ± 0.5 % for CO2-activated and 96.0 ± 0.03 % for steam-activated samples, along with a prolonged catalytic activity. 


Figure 2: Thermal and catalytic cracking of toluene molecules at 850°C using rice husk and beech-wood biochar-based catalyst. Each experiment point corresponds to the mean of replicate measurements, and the error bar represents the standard deviation.
3.3 Influence of the textural properties 
Textural properties, such as surface area and pore structure, strongly influence toluene cracking by controlling reactant accessibility and diffusion within the catalyst. In line with this, initial catalytic tests with Raw-RHC showed limited activity, suggesting that increase in surface area and porosity were needed to improve its catalytic properties. Previous studies have reported that physical activation (both from H2O & CO2) significantly improved the surface area and porosity of beech-wood biochar-based catalyst (Arayedh et al., 2025a). The specific surface area and pore volume play a vital role in toluene cracking, by controlling the accessibility of toluene molecules with a kinetic diameter of 0.58 nm to active sites and toluene adsorption capacity (Frainetti and Klinghoffer, 2023). It is evident that the raw rice husk biochar, with 17 m2/g and micropore volume of 0.0054 cm3/g, showed a poor catalytic activity and rapid deactivation due to limited diffusion and adsorption capacity. Subsequently, the physical activation improved surface area and pore volume, which enhanced the catalytic performance, resulting in high toluene conversion, higher than 70 %, in the first 3 min for both the H2O and CO2-activated biochars, mainly due to their similarly developed specific surface area. However, differences in mesopore properties distinguished their deactivation behavior. The CO₂-activated biochar experienced faster deactivation, likely due to limited diffusion caused by coke deposition on less-developed mesopore surfaces, which created a barrier to interaction with active sites within the micropores. The development of mesoporosity plays a vital role in facilitating diffusion and contributes to the longer conversion of toluene under a biochar-based catalyst.
3.4 Influence of the inorganic mineral contents 
The presence of certain inorganic minerals, such as silica and phosphorus, has been found to inhibit to certain catalytic activities, according to Frainetti and Klinghoffer (2023). However, the presence of AAEMs and transition metals has also been reported to promote the catalytic activity. This effect can be accessed by using a proposed inorganic composition metric ratio (Ca + K)/(Si + P). For all the rice husk derived biochar, silica was the most abundant major inorganic element, which may explain their lower performance in toluene cracking compared with the beech-wood catalyst with low or negligible silica content (Arayedh et al, 2025b). According to the ICP-OES elemental analysis in Table 3, the steam-activated char retained higher contents of AAEMs (K and Ca), whereas the CO2-activated biochar retained more Fe. However, when considering the inorganic catalytic activity metric, both steam and CO2-activated char have a similar value of approximately 0.06 which is well below 1. This reveals that the global inorganic mineral content of rice husk–derived biochars contributes to an inhibitory effect on toluene cracking. 
Conclusion
In this paper, the rice husk-derived catalysts, comprising of raw biochar, H2O, and CO2-activated biochars, were tested for toluene cracking using a fixed-bed reactor. Among the three-rice husk-derived catalysts studied, the steam-activated char performed better due its longer-term activity. However, compared with the beech-wood-derived catalyst, the rice husk showed lower performance, due to their differences in textural properties and inherent inorganic content. 
The surface area and porosity of RHC improved after physical activation with steam and CO2. Steam activation developed greater mesoporosity, which enhanced the diffusion network as well as adsorption capacity, leading to higher catalytic performance than the CO2-activated char. The high silica content appears to have adversely affected the catalytic contribution of inorganic minerals in rice husk derived biochars, resulting in lower toluene cracking performance compared with the activated beech-wood derived catalyst. Steam activation improved the textural properties of rice husk derived char, which may have contributed in its enhanced performance in toluene catalytic cracking. 
Nomenclature
	X %
	Carbon conversion rate
	[%]

	nc(t)
	Cumulative number of moles of carbon content gases at a certain time (t)
	[mol]

	Mc
	Molecular mass of carbon
	[g/mol]

	mo
	Initial mass of biochar
	[g]

	mash
	Mass of ash content
	[g]

	XT %
	Toluene conversion
	[%]

	wT,in
	Amount of toluene at the reactor inlet
	[ppm, mol, g]

	wT,out
	Amount of toluene at the reactor outlet
	[ppm, mol, g]
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Quantity adsorbed (cm3/g STP)




Quartz bead glass	2.727910557488292	2.7272875117309243	2.8881770946265828	2.7659716931981051	2.9201848385089213	2.7323474551467863	2.641421078258245	2.566840037744444	2.5220480052505918	2.5989086854465722	2.7479733723190343	4.4693621297563597	2.1929186067952275	2.0746322488879039	1.7831320691413073	1.7068907225465568	1.6793375455250856	1.6413372236226664	1.448500446122027	1.0353972408993601	0.98751258487973792	0.54865835075726277	0.8543055083758595	0.74874778902084949	0.71298877633874691	0.49657917383349631	0.37547721670501033	0.12385908305401079	0.17200984073669076	8.1865133637948215E-2	8.5563496806585343E-2	0	0	2.727910557488292	2.7272875117309243	2.8881770946265828	2.7659716931981051	2.9201848385089213	2.7323474551467863	2.641421078258245	2.566840037744444	2.5220480052505918	2.5989086854465722	2.7479733723190343	4.4693621297563597	2.1929186067952275	2.0746322488879039	1.7831320691413073	1.7068907225465568	1.6793375455250856	1.6413372236226664	1.448500446122027	1.0353972408993601	0.98751258487973792	0.54865835075726277	0.8543055083758595	0.74874778902084949	0.71298877633874691	0.49657917383349631	0.37547721670501033	0.12385908305401079	0.17200984073669076	8.1865133637948215E-2	8.5563496806585343E-2	0	0	3.5333333333333332	5.7750000000000004	7.8833333333333337	9.6166666666666671	11.333333333333332	13.05	14.8	16.533333333333335	18.291666666666664	20.008333333333333	21.733333333333334	23.458333333333336	25.18333333333333	26.941666666666666	28.683333333333334	30.408333333333331	32.133333333333333	33.858333333333334	35.75	37.700000000000003	39.433333333333337	41.150000000000006	42.883333333333333	44.766666666666666	46.533333333333331	48.25	49.983333333333334	51.7	53.9	55.616666666666667	57.341666666666669	59.066666666666663	59.06666666666667	28.504000976747253	28.799802175109001	29.2831507077792	29.605375802368869	29.900596787342074	29.989973502004176	30.199722800361528	30.11874428262453	30.014192411825867	29.86331035076828	29.944011704987947	29.734012232839675	29.77305246572287	29.766469173445401	29.524932026635092	29.595998438869437	29.32838090081772	29.183079652839794	29.240444102569469	29.211090032088698	29.094993007408046	29.020656646749021	29.017092990663429	28.862818539318368	28.764101534180714	28.817832156442844	28.444526652484075	28.258854191667776	28.141826894576148	28.247805163493709	28.427472527472521	28.550241758241768	Raw-RHC	1.0736900425136089	1.4814441925601676	1.6838589452048849	1.6886270438403399	1.7337739356351496	1.6576617803306877	1.5567418416830663	1.1820117899464997	1.2893188701499534	1.2151405228622765	1.2575627209499443	1.0982363859849484	0.71178985936266592	0.64040135972611001	0.41413410283284191	0.44628366418975984	0.30814998679206307	0.2585781534730181	0.45247137727019887	0.19187804879830464	0.20218674661111963	0.24927938029830696	0.14183916561554455	1.1957460816497865	3.2721402883889174E-2	9.5656729960725356E-2	7.7177630476445935E-2	0.24112631028790033	0.34512823534569259	0.34202175125813211	0.4184509172347663	0.1872068180729842	0	0	0	1.0736900425136089	1.4814441925601676	1.6838589452048849	1.6886270438403399	1.7337739356351496	1.6576617803306877	1.5567418416830663	1.1820117899464997	1.2893188701499534	1.2151405228622765	1.2575627209499443	1.0982363859849484	0.71178985936266592	0.64040135972611001	0.41413410283284191	0.44628366418975984	0.30814998679206307	0.2585781534730181	0.45247137727019887	0.19187804879830464	0.20218674661111963	0.24927938029830696	0.14183916561554455	1.1957460816497865	3.2721402883889174E-2	9.5656729960725356E-2	7.7177630476445935E-2	0.24112631028790033	0.34512823534569259	0.34202175125813211	0.4184509172347663	0.1872068180729842	0	0	0	3.45	5.1833333333333336	6.9	8.625	10.35	12.074999999999999	13.8	15.516666666666667	17.25	18.966666666666665	20.7	22.416666666666668	24.15	26.383333333333333	28.133333333333333	30.266666666666666	32.325000000000003	34.041666666666671	35.766666666666666	37.491666666666667	39.208333333333329	40.941666666666663	42.658333333333331	44.383333333333333	46.158333333333331	47.883333333333333	49.608333333333334	51.333333333333329	53.058333333333337	54.774999999999999	56.55	58.266666666666666	59.991666666666667	29.845799056714519	29.333923417536845	29.558973568570302	29.806885697191987	29.938780407259081	29.992078943243719	29.943896971571725	29.946084568111125	29.821569352041351	29.74885700074061	29.52841133949525	29.587963488409372	29.623460075109712	29.253129267164535	29.051282819769455	28.90392787194704	28.655974123503256	28.674727338142496	28.65582164941458	28.717876278007857	28.658997593306744	28.664460610144268	28.766346351321086	27.90772058380745	28.544103810969631	28.47614110618354	28.389043605998765	28.28281530772712	28.406512674569299	28.284056696861114	28.393769880077304	28.373867989284882	28.426790048696709	X25%-CO2-RHC	4.2533442411351006	0.35667800724239257	0.28491651315683386	0.57449872233993837	0.79254791102122812	0.64453406938256441	0.67466590235456059	0.37885538409885272	0.34964611310218896	0.23559777469909543	0.11856610895705812	0.1469382416374693	0.10057364494830011	0.49986773141161339	0.56761251904604815	0.30238864787764225	0.2546953628591343	8.2672800607253252E-2	0.13911945440901718	0.20341516446470337	0.43415174721688876	0.52638241584022027	0.52685063771179852	0.59628781599273928	0.56773511875657401	0.3748060047062971	0.21380123229282746	0.34962332668815466	0.47752800558749697	0.46584385703520353	0.54548464254220086	0.53069690314035156	1.1233904247196982	0	4.2533442411351006	0.35667800724239257	0.28491651315683386	0.57449872233993837	0.79254791102122812	0.64453406938256441	0.67466590235456059	0.37885538409885272	0.34964611310218896	0.23559777469909543	0.11856610895705812	0.1469382416374693	0.10057364494830011	0.49986773141161339	0.56761251904604815	0.30238864787764225	0.2546953628591343	8.2672800607253252E-2	0.13911945440901718	0.20341516446470337	0.43415174721688876	0.52638241584022027	0.52685063771179852	0.59628781599273928	0.56773511875657401	0.3748060047062971	0.21380123229282746	0.34962332668815466	0.47752800558749697	0.46584385703520353	0.54548464254220086	0.53069690314035156	1.1233904247196982	0	3.5416666666666665	5.25	6.9749999999999996	8.7166666666666668	10.441666666666666	12.166666666666666	13.883333333333333	15.616666666666667	17.333333333333336	19.19166666666667	20.9	22.666666666666664	24.641666666666666	26.358333333333334	28.091666666666669	29.808333333333334	31.533333333333331	33.258333333333333	34.983333333333334	36.708333333333336	38.450000000000003	40.191666666666663	41.908333333333331	43.683333333333337	45.391666666666666	47.116666666666667	48.841666666666669	50.566666666666663	52.291666666666664	54.016666666666666	55.741666666666667	57.508333333333333	59.400000000000006	68.833085039143867	53.78014350355528	40.75992793698677	35.378998826881187	33.115056525174168	31.794882951471184	31.21340070387129	30.693141755847641	30.343685939333007	30.091451171921772	29.785311427134967	29.586384687208223	29.402576001340705	29.178078598960962	29.073868107926948	29.008113002465947	29.122122962005335	28.92026677679619	28.690572745337448	28.736581340228412	28.482590773061368	28.599659556130149	28.397811989753173	28.359547654959421	28.41617702123586	28.291367736838332	28.259698819698826	28.277504249563076	28.361061983767868	28.320708539826192	28.403580813521991	28.269268093562211	28.843071584189239	X25%-H2O-RHC	2.5668574424435859	1.974168355769665	1.6475987500652103	1.2230401309100034	0.71753435157668333	1.3056662794810521	1.3374892574128974	1.185875931705944	1.9435096149244375	1.3935725576547682	1.5990367927160327	1.4737829319819682	1.565908978790195	1.4257938209077368	1.2265957291091372	1.5596007446698692	1.5576830501546217	1.191506457698037	1.3296241331888341	1.378568706241994	1.2294376047082261	1.2438348094509599	0.98859797430861762	1.0080497495520386	1.0666654377419871	1.2380129701480731	1.9785079132631087	1.1504467158594134	1.0168342295553927	1.0863271357578463	1.13142849814006	0.14840424400362334	2.5668574424435859	1.974168355769665	1.6475987500652103	1.2230401309100034	0.71753435157668333	1.3056662794810521	1.3374892574128974	1.185875931705944	1.9435096149244375	1.3935725576547682	1.5990367927160327	1.4737829319819682	1.565908978790195	1.4257938209077368	1.2265957291091372	1.5596007446698692	1.5576830501546217	1.191506457698037	1.3296241331888341	1.378568706241994	1.2294376047082261	1.2438348094509599	0.98859797430861762	1.0080497495520386	1.0666654377419871	1.2380129701480731	1.9785079132631087	1.1504467158594134	1.0168342295553927	1.0863271357578463	1.13142849814006	0.14840424400362334	3.65	5.3888888888888893	7.1333333333333329	8.8555555555555561	10.638888888888888	12.861111111111112	14.655555555555557	16.411111111111111	18.5	20.277777777777779	22.111111111111111	24.233333333333334	25.95	27.677777777777777	29.399999999999995	31.122222222222224	32.872222222222227	34.594444444444441	36.31111111111111	38.038888888888884	39.761111111111113	41.483333333333327	43.233333333333327	44.983333333333327	46.844444444444441	48.572222222222223	50.288888888888891	52.016666666666673	53.761111111111113	55.483333333333327	57.211111111111109	71.467790313262654	64.564889985458208	57.326284563513838	51.754155937095426	47.03981780819435	43.596273446038943	41.213883200950619	39.084258109470248	37.029830983995204	35.59036538251727	34.581969258003653	33.787312549728576	33.310991483618004	32.705227827018568	32.282560693164648	32.086933489614232	31.85561365247985	31.420034738580352	31.445299759181029	31.309953637118245	30.921473229636721	30.973574600400227	30.494597394475203	30.29296158979891	30.343132407517555	30.390434870376946	29.088443797207784	30.183384336273225	30.048600756975258	30.007639550032565	30.03868290445708	X25%-CO2-BWC	0.68722334676993413	0.51937666490731871	0.63508110040016574	0.87512719919131499	1.194759266178917	1.3468370852788367	1.4502975975908372	1.3929706574008851	2.7535054874300444	2.5240257914689099	2.1962962684744709	0.53510591345636549	0.16167891026952397	0.22159665079449187	0.36613532481691946	0.64291992381731811	1.1742587714601564	1.3361658073939684	1.2559806394410034	1.4515974371241454	1.503673559593188	1.6122196740659513	1.2985531696636008	1.3647060654686043	1.47165406227086	1.5781693037409192	1.5610397453089917	1.5584330586400172	1.5591248526348584	1.4270577188604345	1.542441898153883	1.701399013071309	1.5380237970531581	1.6106641512867521	1.6366658161595442	1.4417074679141233	1.6300986937344293	1.8400708583471634	1.689576739758802	1.5357138356098381	1.7541225570093122	1.445852130618547	1.3736441845417189	1.4870530001877147	1.4258362065176147	1.3547172238728702	1.3294891708858974	1.1634232448978155	1.4426712461476909	1.5206557234830487	1.5286708497384869	1.4910865012624321	1.6659151030281314	1.52392934143625	1.6944028797586217	1.6288985806802294	1.614819222886362	1.5632229354708045	1.6691109815305809	1.6372160094946124	1.5721455382917762	1.6490107906813043	1.7604376252142817	1.7993237300705882	1.7529084810897193	1.5465985465852055	1.6727745018400644	1.1546757297693859	1.7663654214919646	1.9312504205106373	1.7313036419387717	1.6286903472374303	1.8117105318514182	1.7052123869502596	1.6534829020858079	1.6316856374121262	1.4017565184341854	1.4408213507491241	1.5990804383231965	1.6461343965639768	1.4744962194019666	1.3636771808137116	0	0	0.68722334676993413	0.51937666490731871	0.63508110040016574	0.87512719919131499	1.194759266178917	1.3468370852788367	1.4502975975908372	1.3929706574008851	2.7535054874300444	2.5240257914689099	2.1962962684744709	0.53510591345636549	0.16167891026952397	0.22159665079449187	0.36613532481691946	0.64291992381731811	1.1742587714601564	1.3361658073939684	1.2559806394410034	1.4515974371241454	1.503673559593188	1.6122196740659513	1.2985531696636008	1.3647060654686043	1.47165406227086	1.5781693037409192	1.5610397453089917	1.5584330586400172	1.5591248526348584	1.4270577188604345	1.542441898153883	1.701399013071309	1.5380237970531581	1.6106641512867521	1.6366658161595442	1.4417074679141233	1.6300986937344293	1.8400708583471634	1.689576739758802	1.5357138356098381	1.7541225570093122	1.445852130618547	1.3736441845417189	1.4870530001877147	1.4258362065176147	1.3547172238728702	1.3294891708858974	1.1634232448978155	1.4426712461476909	1.5206557234830487	1.5286708497384869	1.4910865012624321	1.6659151030281314	1.52392934143625	1.6944028797586217	1.6288985806802294	1.614819222886362	1.5632229354708045	1.6691109815305809	1.6372160094946124	1.5721455382917762	1.6490107906813043	1.7604376252142817	1.7993237300705882	1.7529084810897193	1.5465985465852055	1.6727745018400644	1.1546757297693859	1.7663654214919646	1.9312504205106373	1.7313036419387717	1.6286903472374303	1.8117105318514182	1.7052123869502596	1.6534829020858079	1.6316856374121262	1.4017565184341854	1.4408213507491241	1.5990804383231965	1.6461343965639768	1.4744962194019666	1.3636771808137116	0	0	3.5249999999999999	5.2416666666666671	7.0083333333333329	8.7666666666666657	10.524999999999999	12.233333333333334	13.958333333333334	15.683333333333334	17.700000000000003	19.458333333333336	21.175000000000001	22.941666666666666	25.450000000000003	27.208333333333336	28.916666666666668	30.691666666666666	32.758333333333333	34.608333333333334	36.366666666666667	38.116666666666667	40.099999999999994	41.858333333333334	43.658333333333331	45.366666666666667	47.091666666666669	49.241666666666667	50.958333333333329	52.674999999999997	54.44166666666667	56.166666666666664	57.891666666666666	59.608333333333334	94.203127085828612	95.416548361349498	95.028808778879522	93.279857816860641	89.783786458500941	84.721036049144217	78.142220478551096	71.042838968308374	63.083115518925382	57.070634615992603	52.29514943264769	46.798634109219797	44.46171209916097	42.349776826022378	40.644560235043571	39.248521386506098	37.821283232143372	36.866312148793121	36.234637415752957	35.554679178087014	34.874617945826806	34.461804378477055	34.081222282454561	33.86012385695205	33.469105436936381	33.2261832427711	32.941103213737463	32.644656899386547	32.413426017720603	32.407560856051703	32.350331223737683	32.198146200399592	X25%-H2O-BWC	3.4666666666666668	5.1833333333333336	6.9333333333333336	8.7916666666666661	10.558333333333334	12.266666666666666	14.025	15.75	17.466666666666669	19.200000000000003	20.983333333333334	22.716666666666669	24.433333333333334	26.166666666666664	28.30833333333333	30.066666666666666	31.80833333333333	33.549999999999997	35.4	37.233333333333334	38.966666666666669	40.691666666666663	42.416666666666671	44.183333333333337	45.9	47.616666666666667	49.341666666666669	51.066666666666663	52.825000000000003	54.566666666666663	56.291666666666664	58.441666666666663	60.158333333333331	91.86904920586818	94.875649120822274	95.592270591181844	95.473677852046734	94.563356140879023	93.100063762635017	90.970451124924892	88.153242337087022	84.83143282930692	80.620552283705294	76.409705782138275	71.840303721306469	67.905189117505756	64.027278554992606	59.526759499603841	56.236431553548101	53.508949089457943	51.058697221968657	48.615622113639034	46.59279801495795	45.011576254928841	43.608487251604799	42.194587065572421	41.207767859101644	40.172854586801733	39.149682547482733	38.446448257700894	37.674845691387162	36.839194262842369	36.413612446247313	35.81182464357569	35.140029807093583	34.770746777816704	Time (min)


Average toluene conversion (% massic)
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